Background: To assess the socio-demographic and health-related risk factors associated with cataract subtypes in Korea. Methods: A total of 11,591 participants (aged ≥40 years) were selected from the Korean National Health and Nutrition Examination Survey between 2008 and 2010. The Korean Ophthalmologic Society conducted detailed ophthalmologic examinations on these participants based on the Lens Opacity Classification System III. Risk factors for developing any type of cataract, and its subtypes (nuclear, cortical, posterior subcapsular and mixed), were identified from univariate and multivariate logistic regression analysis. Results: The prevalence of cataracts was 40.1% (95% CI, 37.8 − 42.3%) in participants over 40 years old. Older age, lower monthly household income, lower education, hypercholesterolemia, hypertension, and diabetes mellitus (DM) were independent risk factors for development of any cataract. Older age, lower monthly household income, lower education, hypercholesterolemia, and DM were independent risk factors for development of pure cortical cataracts. Older age, lower education, metabolic syndrome, and DM were independent risk factors for development of pure nuclear cataracts. Older age and DM were independent risk factors for development of pure posterior subcapsular cataracts. Older age, lower monthly household income, lower education, and DM were independent risk factors for development of mixed cataracts. Conclusion: Although socioeconomic disparities are related to cataract development, this study identified several "modifiable" risk factors that may help to lower the incidence of cataracts and associated vision loss. Improved control of blood pressure, blood, glucose, and cholesterol may help to reduce the incidence of cataracts in the general Korean population.
Background
Age-related cataracts are the leading cause of blindness worldwide [1] . Identifying cataract risk factors can lead to various prevention and treatment options that will ultimately lessen the economic and public health burden of this disease. Previous studies have evaluated some of the modifiable and non-modifiable risk factors for cataracts, including educational status [1, 2] , smoking [3] , diabetes [4, 5] , sunlight exposure [6, 7] , body mass index [8] [9] [10] , steroid drug use [11] , asthma [12] , and estrogen replacement therapy [13] [14] [15] . Although these studies detail some of the pathophysiology of this multi-factorial disease in Western countries, risk factors specific to Asian populations are not well known. In fact, most studies that evaluated risk factors for specific cataract types (e.g., nuclear, cortical, and posterior subcapsular opacity [PSCO]) were performed in western countries [16] [17] [18] . A small but growing number of studies on specific cataract types in Asian countries have recently been performed in Japan, Taiwan, Singapore, and China [19] [20] [21] [22] .
The Korea National Health and Nutrition Examination Survey (KNHANES) is a nationally representative survey conducted by the Ministry of Health and Welfare that provides data on vision status, healthcare use, and other sociodemographic factors. KNHANES results and statistics are readily available at http://knhanes.cdc.go.kr. Our objective, therefore, was to use ophthalmologic examination results from KNHANES to investigate the socio-demographic and health-related risk factors associated with cataract subtypes (Figure 1 ).
Methods

Study design and population
We have previously described our sampling, enumeration, visual acuity, and ocular examination procedures [23, 24] . The Korea Center for Disease Control and Prevention (KCDCP) conducted a KNHANES series (I, II, and III) in 1998, 2001, and 2005, to examine general health and nutritional status of Koreans. For KNHANES IV (2007) (2008) (2009) , however, the survey became an annual rolling survey that used a stratified, multistage, clustered sampling method (based on 2005 National Census data) to randomly select 24,871 individuals across 500 national districts that represented the civilian, non-institutionalized South Korean population. KNHANES V (2010-2012) also randomly sampled households but across 576 national districts (192 enrolled each year). These households were also selected with a stratified, multi-stage clustered sampling method but were based on 2009 National Resident demographics. Surveys prior to KNHANES IV were able to be analyzed and could be considered a national representative sample after 3 years when the survey was completed, but rolling survey sampling methods were applied from KNHANES IV that allowed annual analysis of nationally representative data.
The KNHANES is divided into three parts: the Health Interview Survey, the Health Examination Survey, and the Nutrition Survey. Because the Korean Ophthalmologic Society participated in this survey after July 2008, ophthalmologic interviews and examinations were also conducted with the same participants. All members of each selected household were asked to participate in the survey, with a participation rate of 82.0%. We omitted participants less than 40 years old who had incomplete slit-lamp examinations, leaving a total of 11,591 participants from 2008 to 2010 ( Figure 2 ). This survey was reviewed and approved by the Institutional Review Board of the Korea Centers for Disease Control and Prevention, and all participants provided written informed consent following the Declaration of Helsinki.
Ophthalmologic examinations
Designated ophthalmologists performed a structured slitlamp examination (Haag-Streit model BQ-900, Haag-Streit AG, Koeniz, Switzerland) to determine disease occurrence in the anterior segment of the eye (e.g., pterygium and cataract). Examinees were seated in the examination chair, resting their chin and forehead on the support. An illuminator was positioned behind the examinees' ears; the angle between the illuminator and the microscope was 30~45 degrees with a 10× magnification.Without iridodilator usage, the characteristics of lens were assessed using slit lamp with proper brightness, height, and width. The overall characteristics of the lens were examined with a wider slit lamp, and the type and severity of the cataract was determined according to transparency, turbidity, pigments, vacuoles and nuclei. Each layer of the lens was examined with the focused slit lamp from the anterior capsule to the posterior capsule. Aphakia and pseudophakia were recorded separately, and excluded from the subtype analysis. The type of cataract was categorized according to Lens Opacity Classification System III (LOCS III) grading in both eyes, as nuclear, cortical, PSCO, or mixed (including anterior subcapsular). Standard pictures for each subtype were provided for each examiner (Figure 3 ). The quality of the survey was verified by the Epidemiologic Survey Committee of the Korean Ophthalmologic Society. Training of participating residents was periodically performed by acting staff members of the National Epidemiologic Survey Committee of the Korean Ophthalmologic Society.
Outcome variable
To identify risk factors for any type of cataract, we first verified cataract occurrence in a person with the presence of a nuclear, cortical, anterior subcapsular, or posterior subcapsular cataract in at least one eye. For statistical purposes, we also included pseudophakic and aphakic eyes as operated cataracts for calculating prevalence. To analyze and evaluate risk factors for each type of cataract, we defined the cataract subtypes as follows. Participants with no type of cataract in either phakic eye were defined as having no cataract. Individuals who had a cortical cataract in at least one eye were defined as having a pure cortical cataract. Individuals with either a nuclear cataract or a PSCO were similarly defined. Individuals with a mixed type cataract, which included an anterior subcapsular type in at least one eye, were defined as having a mixed type cataract ( Figure 2 ). Figure 4 shows how the cataract subtypes were categorized in detail using a flow chart.
Independent variables
The independent variables were divided into four categories: (1) socio-demographic factors, (2) health examination variables, (3) comorbidities, and (4) health behavioral risk factors. The income per adult equivalent was calculated with the following formula: household income divided by the square root of the number of people in the household [25] . Binge alcohol users were defined as either men who consumed more than seven drinks on a single occasion or women who consumed more than five drinks on a single occasion, both at a prevalence of at least once per month [26] . Respondents who reported that they were current smokers and had smoked at least 100 cigarettes in their lifetime were considered lifetime smokers [27] . We used the World Health Organization BMI-defined obesity standard (international standard) to define both obesity and underweight (≥25 kg/m2 and <18 kg/m2, respectively) for adults. Hypercholesterolemia was defined for any of the following three cases: 1) a total cholesterol level >240 mg/dL from a blood test taken after fasting, 2) the use of lipid-lowering drugs, or 3) diagnosis of dyslipidemia by a physician. HDLcholesterol levels <40 mg/dL were defined as hypo-HDLcholesterolemia and triglyceride levels >200 mg/dL were defined as hypertriglycemia. In this study, subjects who fulfilled at least three of the following five components were defined as exhibiting metabolic syndrome: 1) central obesity (waist circumference: ≥90 cm for Korean men, ≥85 cm for Korean women; The Korean Society for the Study of Obesity proposed 90 cm and 85 cm as the appropriate abdominal circumferences for obesity consideration in Korean men and women, respectively [28, 29] ), 2) hypertriglyceridemia (≥150 mg/dL), 3) low HDL cholesterol (men <40 mg/dL, women <50 mg/dL), 4) high blood pressure (systolic blood pressure ≥130 mmHg, diastolic blood pressure ≥85 mmHg, or receiving hypertension drug treatment) and 5) hyperglycemia (fasting serum glucose ≥100 mg/dL).
Statistical methods
We report descriptive statistics for each response. We determined age-specific prevalence of cataracts in Koreans with weighting recommended in KNHANES IV and V-1. To weight KNHANES IV in accordance to guidelines in the 2005 Census of Korea, we performed a post-stratification adjustment to response and extraction rates that included the same distribution of the 2005 Korean population, according to sex and age groups and at 5-year intervals. Finally, the sum of the weight of KNHANES IV was considered equal to that in the Korean population as of 2005. We weighted KNHANES V-1 in a similar manner but based it on the 2010 Korean population and in accordance with the 2010 Census of Korea. We used a three-step, multi-dimensional approach to identify cataract risk factors. First, we calculated unadjusted odds ratios and 95% CIs with univariate logistic regression analysis. Second, we applied multivariate logistic regression analysis on all variables in each category, after adjusting for age, sex, monthly household income, and education. Finally, we used multivariate logistic regression analysis to determine independent risk factors. All risk factors that were identified by multivariate analysis were included in the final multivariate analysis (Final Model; middle column in Figure 2 ). All 
Results
Baseline characteristics of the study population
The mean (± standard error) age of the final 11,591 participants was 58.4 ± 0.1 years. Of those participants, 43.1% were men, 70.1% were living in an urban area, 14.6% had hypercholesterolemia, 9.9% had anemia, 41.5% had metabolic syndrome, 30.0% had hypertension, and 10.9% had diabetes mellitus (DM). Table 1 lists the detailed baseline characteristics of the study population. Table 2 provides the prevalence of cataract specific to age and sex. The listed data are percentages of prevalence and the 95% confidence interval (CI). The overall prevalence of cataracts in subjects aged 40 years and older was 40.1% (95% CI, 37.8-42.3%). The prevalence for each type of cataract were 7.4% (95% CI, 6.4-8.5%) for pure cortical type, 20.3% (95% CI, 18.2-22.3%) for pure nuclear type, 0.3% (95% CI, 0.2-0.5%) for pure posterior subcapsular type, and 7.5% (95% CI, 6.6-8.4%) for mixed type.
Cataract prevalence
Factors associated with cataracts
The factors from the univariate analysis that were significantly associated with cataracts (see Table 3 for odd ratios and 95% CIs) included all variables except sex, hypertriglycemia, atopic dermatitis, lifetime smoking, and physical activity (left column in Figure 1 ). In the multivariate analysis of all socio-demographic factors (Table 4) , four risk factors were statistically significant: age, sex, monthly household income and education. Participants with hypercholesterolemia, anemia, and metabolic syndrome were more likely to have cataracts in their health examination variables, after adjusting for the above four significant socio-demographic factors. For comorbidities, participants with either hypertension or DM were more likely to have cataracts after adjusting for age, sex, monthly household income, and education. For the multivariate regression analysis, none of the health behavioral risk variables were significantly related to cataract occurrence. Significant risk factors for cataract were combined into a final model in Figure 1 . In the multivariate analysis for cataract based on the final model (Table 5) , three risk factors were statistically significant among sociodemographic variables: (1) 7)]. Participants with hypercholesterolemia (aOR = 1.2; 95% CI, 1.0-1.3) were more likely to have cataracts in their health examination variables. For comorbidities, participants with hypertension (aOR = 1.1; 95% CI, 1.0-1.3) or DM (aOR = 1.6; 95% CI, 1.3-1.9) were more likely to have cataracts. In the multivariate analysis for cataract subtypes (Table 6) , five factors were statistically significant for the pure cortical cataract type: age, monthly household income, education, hypercholesterolemia, and DM. For the pure nuclear type of cataract, four factors were statistically significant: age, education, metabolic syndrome, and DM. For the pure posterior subcapsular opacity, two factors were statistically significant: age and DM. Finally, for the mixed type of cataract, four factors were statistically significant: age, monthly household income, education, and DM. Table 7 presents the effect of hypertension and diabetes mellitus (DM) on the risk of cataract. RRs with CIs are presented separately for the DM group (RR = 1.7, 95% CI, 1.4-2.2), for the hypertension group (RR = 1.2, 95% CI, 1.1-1.3), and for both groups combined (RR = 2.0, 95% CI, 1.6-2.5); subjects without DM or hypertension were the reference group.
Discussion
This study assessed results from a national health survey to provide epidemiologic data on the prevalence of cataract among Koreans aged 40 years and older. In doing so, we found a prevalence of 40.1% for any cataract or cataract surgery. Additionally, our study showed that the frequencies of cataract between both genders were similar, and that hypertension and DM could be modifiable risk factors.
Much of the literature does not report the prevalence of each subtype of cataract. Among the articles that have reported on the prevalence of each subtype, the studied age groups vary, some of which included those over the [20] [21] [22] 30] or even those over the age of 50 [19] , 60 [31] , or 65 [32] . Moreover, the grading systems utilized for the assessment of cataract also vary; LOCS III was used in only some of the studies [20, 22, [30] [31] [32] .
The focus of the present study was not to compare the prevalences of cataract reported in the literature, but rather to assess the prevalence in the Korean population and investigate potential risk factors.
Prevalence of cataracts in Asian Countries
The prevalence of cataracts in Asian countries, including Singapore [20, 22] , Taiwan [32] , Japan [19] , China [21] , Myanmar [30] , India [31] and Pakistan [33] ranged from 20% [33] to 63% [31] . For the subtypes of cataracts in Asian countries, cortical cataract prevalence ranged from 7.1% [31] to 23.9% [22] , nuclear cataract prevalence ranged from 22.6% [22] to 50.3% [21] , and PSCO prevalence ranged from 4.3% [21] to 18.7% [31] . Compared to prevalence values reported in previous studies, those found in our study for pure cortical, nuclear, or PSCO types were lower, whereas more cataracts were classified as the mixed type, possibly because we used a more strict classification system for evaluating the risk factors associated with the pure subtype. In our study, the prevalence of the pure nuclear type was more than twice that of the pure cortical type. This did not surprise us because many previous studies, including studies from Taiwan [32] , China [21] , Myanmar [30] and India [31] reported a higher prevalence of the nuclear type than the cortical type. Furthermore, the Indian study [31] compared its northern population to its southern population and concluded that the northern population had a higher prevalence of the nuclear type cataract (42.2% versus 34.5%), which was probably due to environmental factors such as climate and/or ultraviolet exposure. Some of these studies discussed prevalence differences between populations, despite some debate as to whether differences result from environmental or racial/genetic differences [19, 34] .
Age
Of all significant factors from this study, age was the most significant risk factor for cataracts, as in previous studies [17, 21, 30, 31, 35] . With increased age, one is more likely to suffer from cumulative exposure to numerous risk factors, especially environmental factors, such as either longer duration of radiation or oxidative damage [36] . We found it interesting that our odds ratio for the mixed type was significantly higher than that for either the cortical or the nuclear type (Table 6 ). This result implies that a patient with a mixed type cataract is most likely to be an older person, as compared to patients with pure cortical, nuclear, or PSCO cataracts. As this study is a cross-sectional study, we can show neither its time-sequence nor any causal relationships between age and mixed type cataracts. The mixed type might have resulted from multiple pathogenesis from exposure to multiple risk factors; therefore, the older person, with presumably more exposure to various pathogenesis and risk factors, would be linked to the mixed type cataract.
Socioeconomic status and educational status
Others have investigated socioeconomic status and educational status risk factors for cataracts, with various results [2, 37] . In our study, individuals with lower incomes were associated with pure cortical and mixed type cataracts, whereas lower education status was associated with pure cortical and nuclear type cataracts. Although educational status could have a dependent relationship with socioeconomic status, our study actually shows it to be an independent risk factor for cataracts ( Table 5) . Socioeconomic status and educational status are general ways of living that could produce risk factors that may not yet be described. Here, we can only suggest the possibility of more risk factors associated with socioeconomic status and/or educational status.
DM and hypertension
Our study reconfirms the positive relationship that hypertension and DM have with cataract prevalence [1, 5, [38] [39] [40] . Many studies show DM to be related to cortical, nuclear, posterior subcapsular, and mixed type cataracts [4, 5, 41, 42] . Our study also showed prominent odds ratios for all cataract subgroups. The overall odds ratio for DM and any type of cataract was the second highest (aOR = 1.6; 95% CI, 1.3-1.9), and the odds ratio for the posterior subcapsular type was the highest in the subgroup analysis (aOR = 2.7; 95% CI, 1.1-6.9). According to Strengthening the Reporting of Observational Studies in Epidemiology (STROBE), we should consider hypertension and DM effect modifications. Because cataract prevalence is not rare, we were confident we could perform additional analyses of relative risks (and their 95% CIs) to avoid exaggerated interactions in Table 7 . When we considered hypertension and DM, participants who had only DM were more likely to have cataracts than those with only hypertension, and those with both hypertension and DM were two times more likely to have cataracts than those with neither hypertension nor DM (Table 7) .
Hypertension has been of interest as a risk factor in previous studies. Cross-sectional analysis on an initial Beaver Dam Eye cohort showed a correlation between hypertension and posterior subcapsular type [43] , whereas a Blue Mountain Eye cohort (from 10-year incidence data) had a relationship with a high rate of cataract surgery [44] . A recent cross-sectional study from the Los Angeles Latino Eye Study showed a relationship between hypertension and both posterior subcapsular and mixed type cataracts [45] .
In our study, we were only able to show a relationship between hypertension and the "overall" cataract population.
Hypercholesterolemia
Although some studies have shown that statins have a protective effect against cataract development, not only because of their cholesterol-lowering effects but also possibly due to anti-oxidative and/or anti-inflammatory effects [46, 47] , dyslipidemia might still be a risk factor for cataract development. In our study, we included hyper-Low-Density-Lipoproteinemia (hyper-LDL), hypo-High Density Lipoproteinemia (hypo-HDL), and hypertriglycemia (hyper-TG) as separate variables in our initial univariate logistic analysis (Table 3) , and we later showed that hypercholesterolemia was the only independent risk factor for cataracts after multivariate logistic analysis (aOR = 1.2; 95% CI, 1.0-1.3). Further tests on the association between nutrition and cataract development might reveal more information.
Metabolic syndrome
Abdominal obesity is associated with insulin resistance on peripheral glucose and fatty acid utilization, often leading to co-occurrence of metabolic risk factors for type 2 DM, dyslipidemia, hypertension, and cardiovascular diseases [48, 49] . These studies evaluated metabolic syndrome as an independent risk factor for cataracts, but when more components of the metabolic syndrome were included in a prospective cohort study, more risk was reported [50] . In our study, metabolic syndrome was an independent risk factor for the pure nuclear cataract type (Table 4 ). There are some limitations to this study since the KNHANES and its ophthalmologic examinations aimed to investigate various health issues, limited resources were allocated for investigating cataract and subtypes. First, iridodilators could not be used, which could have influenced the detection and classification of the cataract, even though the examiners maximized the pupil diameter with the illuminator and slit lamp settings described in the Methods section, this could have been an underestimation of cataract prevalence. Misclassification and under estimation were possible, especially for the cortical type of cataract when it occurs in the peripheral cortex in a circumferential or in an arcuate pattern. Second, the cut value of opalescence based on LOCS III score was not included, which could induce individual variation between ophthalmologists; however, while grading and classifying by a few ophthalmologists may increase the accuracy of the result, a systemic error could also increase. This could reflect the generally accepted definition of cataract from a number of ophthalmologists. Third, the ophthalmologic exam for this study was done with a slit lamp without a permanent photographic record, which could have restricted the reviewing or assessment of inter-observer reliability for the classification. Despite these limitations, we believe our study adequately identified risk factors most associated with cataract development, particularly at the national level.
Conclusions
We were able to show that socioeconomic disparities do exist in cataract development, and improved control of blood pressure, sugar, cholesterol and the factors associated with metabolic syndrome may help to reduce the risk of cataract development. For individuals who have both hypertension and DM, the risk of developing cataracts was twice than that of the individuals without. Therefore, we recommend more targeted efforts to reduce such risks in this group.
